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Ethylene is a plant hormone which regulates many aspects ()f
grnwth, development and selleSCenCel). Depending up()II Where and
when ethylene occurs, it may be beneficial ()r harmful t｡ agrlCultural
crops. The e侃ciency of agrlCultural systems theref()re can be im-
pr()ved by the ability t() regulate ethylene responses. Before ethylelle
can exert its effects, it has t() be bi()syllthesized by the plant or supplied
from external sources. As in the case ()f other h()rm()nes, e仙ylene is
thought to bind to a receptor, forming an activated complex which in
turn initiates the chain ()f reacti()ns including modificatioll Of gene
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Thus, there are four ways by which we can regulate ethylene
responses : (a) control the concentration of ethylene in the tissue by
additi()∩ or removal of ethylene, (b) regulate the concentration of
ethylene in the tissue by stimulating or inhibiting ethylene biosynthesis,
(C) modify the binding characteristics or the amount of the ethylene
receptor, and (d) manipulate ethylene-dependent gene expression. In
this paper examples of these manlpulationSwill be reviewed.
ⅠⅠ. Addition or removal of ethyleme
Although ethylene gas can be applied to the horticultural crops in
closed chambers, it is impossible to apply ethylene to the agricultural
field, because of its gaseous nature. This problem was overcome with
the development of the ethylene-releasing compound 2-chloroethyト
phosphQnic acid under the trade name Ethrel. Today Ethrel is one of
the most important and versatile plant growth regulators used in
agrlCulture8).
CトCH2-CH2-PO3H2+20H-- Cl一十CH2-CH2+H2PO4-+H20
1t is often desirable to delay plant responses mediated by ethylene.
Ethylene can be removed by ventilation or scrubbed by oxidation with
KMnO4 0r by catalytic oxidation.
ⅠⅠⅠ･ Regulation of Ethylene Biosynthesis
Knowing how ethylene is synthesized is essential to understanding
its regulation･ In 1979, Adams and Yang2'elucidated the following
sequence for the pathway of ethylene biosynthesis in ripening apples,
and this pathway has since been shown to be operative in all other
tested plant tissues :
Methonine- S-adenosylmethionine (SAM)
- Laminocyclopropane-Lcarboxylic acid (ACC)
- ethylene
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1t has been shown that ACC synthase, which converts SAM to
ACC, plays a key role in regulating ethylene production25). ACC
synthase appears to be a pyridoxal enzyme, because the enzyme
requlreS pyridoxal phosphate for maximal activity28), and is strongly
inhibited in uiuo2) as well as in uitro5･28) by aminoxyacetic acid (AOA)
or aminoethoxyvinylglycine (AVG), which are known inhibitors of
pyridoxal phosphate-dependent enzymes. Increased ethylene produc-
tion is involved in many developmental processes including germina-
tion, rlpenlng and senescence, and in stress responses to wounding,
drought, water-logglng, Chilling, toxic agents, infection or insect
infestation25). In all these cases, it has been shown that a higher level
of ethylene is accompanied by an increased ACC production, due to
induction of ACC synthase. This is shown by direct measurement of
increased ACC levels and by the ability of cycloheximide, a protein
synthesis inhibitor, and AVG to block or diminish the increase in ACC
synthesis and the accompanying increase in ethylene production.
The discovery that auxin promotes ethylene productio打was ini-
tially made by Zimmerman and Wilcoxon30). This observation has led
t() the discovery that many responses previcluSly attributed to auxin
might be due to ethylene produced in response to the auxin treatment.
Auxins are by far the most effective stimulators of ethylene production
in vegetative tissues, where the endogenous rate of ethylene production
is thought to be regulated by the internal level of auxin. Auxin
promotes ethylene prodtiction by inducing the synthesis of ACC
synthase, resulting in higher levels of ACC27･29)
The view that the conversion of SAM to ACC is the rate-limiting
reaction in most plant tissues is supported by the observations that
application of ACC to various plant organs, including root, stem, leaf,
inflorescence, and fruit, resultedina marked increase in ethylene
production14). This indicates that the ethylene-forming enzyme (EFE),
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which converts ACC t() ethylene, is present in most plant tissues. This
enzyme, however, has not yet been isolated independent of intact
cellular material (vacuoles, protoplasts or tissue). Characterization of
the EFE has been carried out largely with plant tissues, and some
important information about the enzyme has been generated.
Peiser et al.16) have shown that during the oxidation of ACC to
ethyleIle, Which is derived from C-2, 3 of ACC, the carboxyl gr()up of
ACC is liberated as CO2, Whereas C-1 yields HCN. HCN thus formed
is rapidly metabolized to β一CyanOalanine and then to asparagine.
ACC+1/2 02- C2H4+HCN+H20+CO2
The above equatioll indicates that the over-all reaction is a two-elec-
tion ()xidati()n. Since HCN canbe toxic tn plants, it is pertinent t() ask
whether plants have su侃cient capacity to detoxify the HCN formed
during ethylene production. The first step in the HCN metabolism is
carried ()ut by β-cyanoalanine synthase (which catalyzes the reaction
between cysteine and HCN to form β-cyanoa】anine and H2S). β-
cyanoalanine synthase is widely distributed in higher plants15). While
ethylene production rate in various tissues of higher plants ranges from
0 to 0.2 nmol/拷-min, β-cyan()alanine synthase activity ranges from 4 t()
1,000 nm()1/g-min. These data indicate that HCN produced durillg
ethylene biosynthesis can be rapidly metab()lized. SillCe HCN is coll-
tinu()usly synthesized and metabolized, We may assume that HCN is
maintained at a steady state concentrati()∩, when these two pr()cesses
are maintained at glVen rates. Yip and Yallg26) have determined the
steady state level ()f HCNinpost-climacteric apple and av()cado fruits,
which actively produce ethylene, to be no higher than 0.5JLM. This
concentration is too low to cause significant inhibition of mitochondrial
cyt()chr()me oxidase.
ⅠIlhibiti()∩ ()∫ ethylene pr()duction by AVG and AOA, inhibit()rs ()f
ACC synthase, has been tested in a number of plant organs ()r whole
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plants. AVG ()r AOA significantly inhibited ethylene production and
prolonged the longevity of cut carnationflowersg). Spraying apple
trees with AVG before harvest delayed fruits ripening, reduced prehar-
vest drop, and increased fruit-removal ∫()rce3･6). Similarly, retardation
of ripening in pears by AVG treatments also was reported17). AVG
induced staminateflowers when applied to gynoecious lines of cucum-
ber. Other inhibitors include those which are caplable of interfering
with the conversion of ACC to ethylene. In detached oat or rice leaves,
CO2+ and Ni2十were shown to inhibit ethylene evolution and correspond-
1ngly retard chlorophyll loss12). Development of highly specific EFE
inhibit()rs may be p()ssible, when the biochemical mechanism of EFE is
better understood.
The above examples illustrated that ethylene responses can be
effectively modulated by regulated ethylene biosynthesis. This practi-
cal use of ethylene biosynthesis inhibitors in selected agrlCultural cr()ps
seems prnmlSlng and warrants further investlgation.
ⅠⅤ. Antagonists of Ethylene Action
As with other hormones, it is assumed that ethylene perception by
plant cells involves receptors, and that binding of ethylene to these sites
initiates a sequence ()f biochemical events. Thus, a variation in sensi-
tivity may depend up()n the levels and characteristics of these ethylene
receptors. Burg and Burg7) tested the ability of a number of ethylene
analogs for ethylenelliktaction in the pea straight gr･owth test and
found that the effectiveness of olefins that exert ethylene-like biol()gical
activity correlated with their ability to form a complex with Ag ion.
They have, therefore, proposed that the ethylene receptor site contains
a metal ion. Among ethylene analogs, propylene and acetylene were
found to requlre 100 and 2,800 times, respectively, the concentration of
ethylene to glVe half-maximal response ; alkanes are, however, in-
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active.
The dose-response relationships observed for many ethylene一
mediated processes in vegetative tissues are similar ; concentrations of
0.01, 0.1 and土O ppm represent threshold, halトmaximal, and saturating
doses, respectivelyl). However, in other tissues, such as preclimacteric
fruit, the responsiveness to ethylene for ripening varieswith different
species (for example, banana may require. as low as 0.i ppm while
honeydew melon requires 3 ppm), With different maturity stages of the
same species (many fruits become more sensitive to ethylene as the
fruit matures), and with whether they are attached to the tree or not (e.
g. avocado fruits do not ripen while attached to the tree). These
variations reflect the differences in the sensitivity of different fruits to
ethylene. An increase in the binding afhnity of ethylene to the rece-
ptors and/or increase of receptors in these fruit organs during devel()p一
ment could account for increased responsiveness to ethylene.
Other than the natural inhibitors of ethylene action that have been
p()stulated to be present in plantslO), there are three known types of
antagonists that may be applied exogenously to inhibit ethylene action.
These inhibitors have been used as diagnostic tests for ethylene action.
1. Carbon dioxide. CO2　preVentS Or delays many ethylene
responses when ethylene concentrations are below 1 ppm. The mecha-
nism of action is not known, but CO2 has been suggested to be a
competitive inhibitor of ethylene action presumably by competing with
ethylene for the binding site, with a K】 ()f 1.5%7). CO2 has been used
commercially in controlled atmosphere storage of fruits where high
CO2 levels help to delay the ripening action of ethylene.
2. Silver ion. Ag+ inhibits ethylene action in a wide variety of
plant responses including growth inhibition, abscission, and change in
sex expression of cucurbit f]owers4). Ag'has been used commercially
in cut carnations to extend their vase-life24). Ag+ reacts with ethylene
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Fig 1 P()ssible mode of action of ethylene and its antagonists, Ag十and
norbornadiene (の). M is a metal ion in the ethylene receptor･ Ll･
L2, L, and X represent ligands interacting with M.
to f()rm a complex, but such a simple scavenglng effect of Ag十has been
ruled out as a possible mechanism of action. The exact mechanism by
which Ag+ blocks or reduces ethylene action is unknown. ･ -A simple
model accounting for the antトethylene effect of A+ is presented in Fig･
1. 1t is assumed that one or more of the coordination ligands (L) in the
receptor site facilitates the binding of ethylene to the receptor, resulting
in a biologically active complex. Ag+ interacts with these ligands
when it is applied, resulting ln a reCeptOr having little capability to bind
ethylene, or in a ethylene-receptor complex which is biologlCally In-
active or less active.　/
3. Norbornadiene. Sisler and Pian20) reported that some cyclic
oleiins counteracted ethylene-induced increases in the respiratory rate
of tobacco leaves. Sisler and Yang21) have since compared the struc-
ture-activity relationship of a number of olefins which possess anti-
ethylene activity in the pea seedling bioassay. Among those tested, 2,
5-norbornadiene was the most active compound, and it inhibited ethyト
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ene action in a competitive fashionwith a K】 of 17ppm. This conclu-
sion was based on the kinetic results ()btained fr()m double reciprocal
plots ()f inhibition ()i pea stem elongation vs. ethylene concentration in
the presence and absence of norbornadiene. The competitive inhibi-
tion of norbornadiene on ethylene acti()n is depicted in Fig. 1. It is
assumed that norbonadiene, which resembles ethylene structurally,
Competes with ethylene for the same binding site, and the resulting
norbornadiene:-receptor complex is biol()glCally inactive. Nor-
bonadiene has been shown to be effectiveinretarding many ethylene-
regulated plant processes including the delay of senescence of cut
carnation　flowers22) and　inhibition of abscission of citrus leaves23).
Norbornadiene is a gas and can be applied and rem()ved reversibly. It
has pr()Ved to be a very useful tool to study ethylene action. The above
discussion implies that ethylene action can be manipulated by modify一
mg the binding characteristics of ethylene to the receptor.
V. Manipulation of ethylene-induced gene expression
Ethylene has been shown to be a key hormone initiating fruit
ripening. Associated with ripening are an increased synthesis of ACC
synthase which is responsible for an autocatalytic surge in ethylene
biosynthesis, and an increased expression of gene encoding
polygalacturonase (PG) which is involved in cell wall degradation. PG
has been proposed to play a key role in fruit softenlng and other
ripening-associated processes. To evaulate these proposed functions
of PG several investigators have successfully employed molecular
genetic strategies which specifically modify PG expression in tomato
fruits and monitor the phenotypic consequences of the modified PG
expression. To this end two approaches have been carried out. The
first was the use of antisense RNA to depress PG expression in wild
type tomato fruit. In this strategy a cloned gene is englneered so that
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it produces the antisense RNA that is complementary in sequence to the
normal RNA made by the n()rmal PG gene, resulting ln inactivati()∩ ()∫
the PG RNA and thereby depressing PG expression. Recently, Smith
et al.19) and Sheehy et al.18) have succeeded in genetic engineering of
such transgenic fruits which are low in levels of both PG mRNA and PG
enzyme activity. H｡wever, these modifications did not result in detect-
able changes in tomato softening or lycopene accumulation. The other
strategy is forcing PG expression in a non-ripening mutant, Yin, in
which PG gene transcription isinhibited. Giovannoni el al.ll) have
recently constructed a chimeric gene consisting of the PG structural
gene fused to the promoter fragment of another gene of unknown
function, E8 ; E8 gene has been previously shown to be activated by
ethylene in both wild-type and Yin fruits13). When this chimeric gene
was transfected into Yin tomato plants, a marked expression of PG
gene was observedintransgenic Yin fruits which had been treated with
ethylene. Again, no significant effect on fruit softening or lycopene
development was observed. These experiments nevertheless demon-
strated that genetic englneerlng is a powerful tool to manlpulate
ethylene-induced gene expression.
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生重量の比率は3.0と5.0とした32)0 Tablelに示した8), 12), 13)の各生
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Table 2･ Latitudal distributions of average temperature, gas exchange
coefhcient and ethylene concentration in the ocean, See text for
explanations.








a'Calculated values from data by Peng el al. (1979). b'Estimated values
based on data by Peng et al (1979) C'Calculated values from data by


















thropogenic sources in the world
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TOTAL HYDROCARBON EMJSSION FACTOR(Xl-dm)
Fig･ 1 Relationship between ethylene emission factors and total hydrocar-
bon emission factors･ The numbers from 1 to 3 in鞄ure represent
the data from Feldstein el al. (1963), Darley el al. (1966) and
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Fig 2　Vertical distributi()ns ()f annual diurnaly averaged concentration of
C2H4, 0H radical and 03 for the northern and southern hemispheres,
The solid lines, concentrations of C2H｡ ; long-dash lines, ()i OH












































Table 4. Global ethylene budget.
S()urces(ーrSinks �2ｗW&6W�V�蹤宥��C2H4quantity 
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1 偖ﾂ�十 十 ���3R絣�.��り 32.0 25.0 ���3b紕�2縒� 
+ �98.2 涛"絣�1()() 
2 調�十 十 �2�2�3b繧��縒�3.5 33.9 28.6 ��1.8 37.5 1.8 
十 �71.2 都R���都B縒�
Experiment 1, seeds were soaked at 230C in the dar, for 1 week, then
irradiated by 5 min 良 or 50 min FR, excepting dark controls, and incubated
with 3% CO2 and/or 30FLl/I C2H｡ at 23cc But in experiment 2, theywere
soaked in the dark for 16h, then irradiated by 5min R, excepting dark
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図1　A time course study of hook formation and ethylene production in
Alaska and ageot710Pum seedlings.
In A, open and closed circles indicate th占hook angles for Alaska
and ageolroPum, respectively. In B, open and closed circles indicate
ethylene production of Alaska and ageolrL)Pum epicotyls, respective-
ly, and open and closed triangles indicate those of Alaska and
















表1. ACC-promoted gravitropic bending in cucumber seedlings.
ACC (0.1%) or CaC12 (0.15%) in lanolin paste was applied to the bottom
and/or upper side(S) of the hypocotyls. AVG (1mM) and EGTA (12.5
mM) solutions were applied t() the whole hypocotyls before AAC or CaClZ
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lxArア1 剔随�(cm) 剪s�y�B�刄m1:_休虫(拷) 終Jノ咋 
開始時 做箸x昀�伸長葛jJt 丶ｨ趾��｢�終了帖 ��ﾉ+v���
無処稚I ��60.4士4.() 買2綛�ﾓB�2�24.6±1.8 鉄U��ｳ2絣�62.(ー±2.() 途竄��ﾓ%���91.0十4.5 
接触t ��58,5±2.8 都���贊"竄��13.1±3.0 鉄2�6｣ﾓ"蔗�57.3十1.5 釘ﾃ�ｴ宝��72.9十2.8 


































































































2) Goeshl, JD., Rappaport L., and Pratt H.K. (1966) Plant Physiol. 41:
877-884.
3) Hiraki,Y. andOtaY. (1975) Plant&Cell Physiol. 16. 185-189
4) Jaffe, M.J. (1973) Planta 114: 143-157.
5) Jaffe, MJ. and Biro R (1979) Stress Physiology inCrop Plants, Wiley
lnterscience : 25-6().






9) Neel, P.し., and Harris R.W. (1971) Science 173: 58-59.
1())人n傑人,中山正義,坪存(1975)日作紀, 44 (別写1): 181-182.
ll) Robitaille, HA. and Leopold A,C. (1974) PhysioI Plant., 32: 30ト304.
12)坂村　徹(1947)植物生押学,裳華嵐
13) Salisbury, F.B. (1963) Flowering Process. Pargamon Press, Oxf()rd.
14)徐　亨探,.太出保夫(1981),韓国作物学会誌26･ 239-242
15) Suge, H. (1978) Plant & Cell Physio1. 19: 1557-1560.
16)高木荒司,増田昭方,築島　昇,黒沢厚基(1978)てん菜研究会報20: 203-
208.
























































































































































































































































































1) Abeles, FB. (1973). Stress enthylene, J〃 Ethylene in Plant Biology,
Academic Press, New Y()rk.
2) Adams, D.0 and Yang, S.F. (1979). Proc. Natl. Acad. Sci. USA 76
170-174
3) Boller, 1､. and Kende, H. (1980). Nature 286: 259-260.
4) Chappell, J., Hahlbrock, K., and Boiler, T. (1984). Planta 161 : 475-480.
5) Fuhrer, J. (1982) Plant Physi01. 70: 162-167.
6) Galil,J (1968). Econ. Bot.22: 178-190.
7) Goeschl, J.D., Rappaport,し., and Pratt, H.K. (1966). Plant Physi01 41 :
84
877-884.
8) Guy.M.andKende, H (1984). Planta 160: 281-287,
9) Hansom, K･R･ and Havir, E.A. (1981), Phenylalanine ammonia-lyase, Jn
The Biochemistry ()f Plants, Vo1 7, Secondary Plant Products, Academic
Press, New York.
10) Herner, R･C. and Sink, K.C., Jr. (1973). Plant Physi01. 52= 38-42.
ll) Hoffman, N.E. and Yang, S.F. (1982), Plant Physi01. 69‥ 317-322.
12) Hyodo, H. and Yang, S.F (1971). Plant Physi01. 47: 765-770.
13) Hyodo, H. (1977) Plant Physi01. 59: 111-113,
14) Hyodo, H･･, Kuroda, H., and Yang, S.F. (1978). Plant Physi01.62: 31135,
15) Hyodo, H. and Nishino, T. (1981). Plant Physi01. 67: 421-423.
16) Hyodo, H･, Tanaka, K, and Watanabe, K. (1983) Plant & Cell Physi｡1.
24 : 963-969.
17) Hyodo･ H･･Tanaka,K･,and Yoshisaka,J. (1985)I PlantCellPhysiol.26:
161-167.
18)兵藤　宏(1987).植物の化学調節22: 104-113
19) Hyodo, H･, Fujinami, H., Okada, EH and M()chizuki, T. (1989). W.und-
induced ethylene production andトaminocycl()propane1卜carboxylic acid
synthase in mesocarp tissue of CILCurbita maxima, In Biochemical and
Physiological Aspects of Ethylene Production in Lower and Higher
Plants, Kluwer Academic Publishers, Dordrecht.
20) Hyodo, H･ and Fujinami, H. (1989). p一ant Cell Physiol. 30= 357-860
21) Hyodo, H･ Stress/wound ethylene, In The Plant Hormone Ethylene, CRC
Press, Boca Raton, in press.
22) Hyodo, H. and Fujinami, H. (1988). Unpublished data.
23) Imaseki, H" Uritani, I. and Stahmann, M.A. (1968). Plant & Cell
Physio1. 9: 757-768.
24) Imaseki, H･ (1985)･ Hormonal control of wound-induced responses, J〃
Encyclopedia of Plant Physiology, New Series, ll (ⅠⅠⅠ) , Springer-Verlag,
Berlin
25) Jaffe, MJ. (1980). BioScience30: 239-243.
26) Lieberman, M. (1979). Ann. Rev, Plant Physi01. 30: 5331591.
27) McGlasson, W.B. and Pratt, H.K. (1964). Plant Physi01. 39: 128-132.
28) Meigh,DIF, Norris. K,H.,Craft,C.C"and Lieberman,M. (1960). Nature
186 : 902-903.
29) Minamikawa, T. and Uritani, I. (1965). J.Biochem. 57: 678-688
30) Nakajima, N., Nakagawa, N. and lmaseki, H. (1988). Plant Cell
Physiol. 29 : 989-998.
31) Peiser, G. (1986) Acta Hort. 181: 99-104.
32) Riov･J･, Monselise,S･P･,andKahan,R･S･ (1969)･ Plant Physi01.44: 631-
傷害とエチレン　85
635.
33) Ri()Ⅴ, ∫. and Yang, SF. (1982). Plant Physi01. 69: 687-690
34) Roby, D., Gadelle, A. and Toppan, A. (1987). Bi()chem. Biophys. Rest
Commun. 143 : 885-892.
35) Ryan, C.A., Bishop, PD, WalkerSimmons, M., Brown, W･E, and Gra-
ham. J.S (1985). Pectic fragments regulate the expression ()f pr()teinase
inhibitor genes in plantsJn Cellular and Molecular Biology of Plant
Stress, Alan R. Liss, Inc., New York
36) Satoh, S. and Yang, S.F. (1988). Plant Physi01. 88: 1()9-114
37) Sister, E.C. and Yang, S.F. (1984). Phytochemistry 12: 2765-2768.
38) Sitrit, Y., Riov, J, and Blumenfeld, A. (1986)　Plant Physi01. 81: 130-
135.
39) Uritani, I. (1971). Ann. Rev. Phytopath. 9: 211-234.
40) Wang, CY. and Adams, D.0, (1982). Plant Physi()1, 69: 424-427･
41) Williamson, C.E. (1950) Phytopathology 40: 205-208.
42) Yang, S.F. and Pratt, H.K. (1978). The physiology ｡f ethylene in
wounded plant tissues, In Biochemistry of Wounded Plant Tissues,
Walter de Gruyter & Co., Berlin.
43) Yang,S.F.andHoffman,NE. (1984). Ann.Rev.PlantPhysi01.35: 155-
189.
44) Yang, S.F. (1987). The role of ethylene and ethylene synthesis in fruit
ripening, In Plant Senescence : Its Biochemistry and Physiology, Amer-
ican S()ciety of Plant Physi()logists, Rockville.
45) Yoshii, H, and lmaseki, H, (1982). Plant & Cell Physio1, 23: 639-649,















































































イく親和性 都��36 ���NT 
親和性 田��42 �.��NT 























































































































































































1) Stahmann, M.A., Clare, B.G. and Woodbury, W, (1966). Plant Physi01
41 15()5-1512.
-2) Imaseki, H.. Teranishi, T and Uritani, I (196H). Plant 良 Cell Physio1.
9: 769-781
3) Imaseki. H. (197()). Plant Physiol. 46 172-174.
4) Imaseki, H, Uritani, I. and Stahmann, MA, (1968). Plant　&　Cell
Physio1. 9 ･ 757--768.
5) Sequeira, L. (1973). Ann. Rev. Plant Physi01. 24 ･.'15t'ト380




8) YoshiiJi. and lmaseki, H. (1981)　Plant andCell Physiol. 22l t'i69-379.
9) Matsumoto, K., Suzuki, Y., Mas°, S, Watanabe, T. and Sekizawa. Y
(1980). Ann. Phytopath. Soc Jpn. 46: 3()7-314.
1()) Iwata. M. Sekizawa, Y. lwamatsu, H., Suzuki, Y and Watanabe. T
(1981). Ann. Phytopath. Soc. Jpn. 47 I 646-65tri
ll)関かl泰治,渡辺哲郎(1981). R本農薬学会誌6: 247-255.
12) Sekizawa. Y" Haga, M., lwata, M., Hamamoto, A., Chihara, C and







16) Iiaga, MH Haruyanla, T., Kano, lL Sekizawa, Y., UrushlZaki, S. and
Matsumoto, K. (19H8). Agrie. BioI Chem. 52: 943 950.
17) Sekizawa, Y., Komiya, I., Iwata, M, Watanabe, TH Murata, S and
Umemura, K. (1983). J.Pesticlde Sci. 8: 121-123.
18) Legge, R.L., Thumps()n, J.E. and Baker, J.E. (1982). Plant　&　Cell
Physi()1. 23: 171 177.
19) McRae, D.G., Baker, JE and Thompsoll, J.E. (1982) Plant　&　Cell
Physio1 23: 375 383
2()) Segel, lI I. (19H2)　Biochemical Calculations (Jpn version), John Wiley
& S｡ns, N.Y‥ 272-274.
21) ′LfHR雌,加藤,Lit,弘,山l H二'jiL:,江Jj;ミ淑夫(1987). Htj凧621日豊u榊病講要.
(東京) : p.85.
22) Haruyama, T., Urushizaki, S., Matsumoto, K‥ KaIIO, H., Haga, M. and
Sekizawa, Y. (1988)　Abstracts of r)apers, 5th ICPP Kyoto, 2 8H･ 25().
23) Urushizaki, S., Ota. Y., Ilaruyama, TH Kano, II.. Matsumoto. KH llaga,
M. and Sekizawa, Y (1988). Agric. Biol. Chem. 52: 3159-3161.
24)布山折鶴　漆崎末大,触　　汗,芳賀　実,関沢泰治(1989). H農化1989年
度講盟. (新潟):2V p8,p,168,
25) Sekizawa, Y., Haga, M., Hirabayashi, E., Takeuchi, N. and Takin｡, Y.
(1987)　ALrric. Bi｡1. Chem. 51: 76:i-77().
26)荒瀬　栄,糸井節丈(1981). r1億病報47:380.
27) Sekizawa. Y., Haga, M. and Kano, Ii (1988) Abstracts ()fpapers, 5th
ICPP Kyot(). 7 6. 228.
28)関沢泰子JLl (1986). ‖fL約三理198611-講EC. (仙否) : p.27.
29) Shimura, M., Mase, S., Iwata, M.I Suzuki, A., Watanabe, T, Sekizawa,
Y., Sasaki, T, Furihata, K., Seto. II and ()take, N.(1983). Agric. Bi()L
Chem. 47. 1983-1989
:i())赤塚jr己,いい､治, F批7'治知,遠藤利治,川野芳樹,汗fTJl某Hjj,竹内節人
(1985).日本農薬'tf'第川回大創珊】601ト度講堂. (東京) : p.28.
31)李　文机　児1､ .(ff,赤塚ブrl｣ (19Hg). tj農化1989叶講紫.. (新剤) :jIIC
p,9: p,4:i6,
32)加納人聖, 【藤　津, )月LiJ　実,関沢泰(JLl(19R9). FJ農化1989年講乳(節
終日　2V p.9　p16H.
33) Ebel,J.and(;risebach, H (19柑)　Trendsin Biochem S°i 13. 23-27.
34) Sisler,E.C. andWood,C (1987)　f'1;111t h()rm｡nereCePterS,edbyKfimbt,
r)., Cell Biology, V()1 10. SpriIIL,ttr 1).1''9 248
3.5) Miyazaki,JH and Yang,SF (1987)　PhysioI Plant　69: 366-37()
IGEシリーズ　5
エチレンの生態的役割
発　行　1990年2日
発行者　東北大学遺伝生態研究センター
〒9H()仙fTr侶IiJ矧大)Lfl'2 1 1
22 022-L227　620()帆)
印刷所　　置束出版印刷株式会社
